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Amendments to the Claims: 



This listing of claims replaces all prior versions and listings, 

1 . (Currently amended) App aratus comprising: 

a first end-cap electrode, a second end-cap electrode, and a ring electrode positioned 
relative to the first end-cap electrode and second end-cap electrode to confine a charged particle 
from an ion source within a confinement region when an audio frequency voltage is applied 
between the ring electrode and the first end-cap electrode and second end-cap electrode at a first 
amplitude, and to eject the charged particle from the tea-fraa confinement region when the 
amplitude of the audio frequency voltage is increased to a second amplitude. 

2. (Original) The apparatus of claim 1 wherein the first end-cap electrode includes 
an ion entrance aperture, the second end-cap electrode includes an ion ejection aperture, and the 
ring electrode includes an observation aperture. 



3. (Currently amended) The apparatus claim 1, further comprising a light detection 
module that detects light scattered from the charged particle after it is ejected from the ion trap 
confinement region, 

4. (Currently amended) The apparatus of claim 1 wherein the ion source is 
positioned above the iea-tra p electrodes and includes a needle, a capillary, and a differential 
pumping region, the needle being aligned along a vertical axis above the capillary, the capillary 
being aligned along the vertical axis above the differential pumping region. 



5. (Original) The apparatus of claim 4 wherein the capillary and the differential 
pumping region are electrically connected to electric ground and the needle is connected to a DC 
voltage. 



PAGE 311 1 * RCVD AT 2/1 112004 4:06:35 PM [Eastern Standard Time] * S VR: USPTO-EFXRF-1/0 * DNIS:8729306 * CS!D:6175428906 * DURATION (mm-ss):05-12 



FEB. 1 1.2004 4:06PM F ISH&RICHARDSON.6 1 7-542-8906 NO. 0746 P. 4/11 



Applicant : Huan-Cheng Chang et al. Attorney D cket: 08919-075001 / 07 A-900 806 

Serial No. : 10/034,459 

Filed : December 28, 2001 

Page : 3 of 9 



6. (Original) The apparatus of claim 1 wherein the audio frequency voltage is in a 
frequency range between about 50 and 2000 hertz. 

7. (Original) The apparatus of claim 1 wherein the charged particle has a mass in the 
range of about 1 mega-dalton to 10,000 mega-daltons, 

8. (Original) The apparatus of claim 1 wherein the first amplitude is about 400 volts, 

9. (Original) The apparatus of claim 8 wherein the second amplitude is greater than 
about 400 volts and less than about 1700 volts. 

1 0. (Original) A method comprising: 

introducing a charged particle into an ion trap having a first end-cap electrode, a second 
end-cap electrode, and a ring electrode positioned between the first and second end-cap 
electrodes; 

applying an audio frequency voltage having a first amplitude between the ring electrode 
and the end-cap electrodes to generate an electromagnetic field that confines the charged particle 
within a confinement region; and 

increasing the amplitude of the audio frequency voltage to a second amplitude to eject the 
charged particle from the ion trap. 

1 1 . (Original) The method of claim 1 0, further comprising measuring a secular 
frequency of the motion of the charged particle inside the confinement region, and calculating a 
mass-to-charge ratio of the charged particle based on the second amplitude and the measured 
secular frequency. 

12. (Original) The method of claim 10 wherein the audio frequency voltage is in a 
frequency range between about 50 and 2,000 hertz. 
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1 3 . (Original) The method of claim 1 0 wherein the charged particle has a mass in the 
range of about 1 mega-dalton to 10,000 raega-daltons. 

14. (Original) The method of claim 10, further comprising illuminating the ejected 
particle with a laser beam and detecting light scattered from the charged particle. 

1 5 . (Original) A mass spectrometer comprising: 
an ion source; 

an ion trap having: 

a first end-cap electrode, a second end-cap electrode, and a ring electrode positioned 
relative to the first and second end-cap electrodes to confine a charged particle from the ion 
source within a confinement region when an audio frequency voltage is applied between the ring 
electrode and the first and second end-cap electrodes at a first amplitude, and to eject the charged 
particle from the ion trap when the audio frequency voltage is applied between the ring electrode 
and the first and second electrodes at a second amplitude greater than the first amplitude; and 

a detection module configured to detect the charged particle after it is ejected from the 
ion trap. 

16. (Original) The mass spectrometer of claim 15, flirther comprising an audio 
frequency power amplifier that generates the audio frequency voltage. 

17. (Original) The mass spectrometer of claim 1 5 wherein the audio frequency 
voltage is in a frequency range between about 50 and 2,000 hertz. 

18. (Original) The mass spectrometer of claim 15 wherein the first end-cap electrode 
includes an ion entrance aperture, the second end-cap electrode includes an ion ejection aperture, 
and the ring electrode includes an observation aperture. 
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19. (Original) The mass spectrometer of claim 15, wherein the detection module 
comprises a light source to illuminate the charged particle after it is ejected from the ion trap. 

20. (Original) The mass spectrometer of claim 19 wherein the detection module 
further comprises a light detector that detects light scattered by the charged particle that is 
ejected from the ion trap. 

21. (Original) The mass spectrometer of claim IS wherein the ion source is positioned 
above the ion trap and includes a needle, a capillary, and a differential pumping region, the 
needle being aligned along a vertical axis above the capillary, the capillary being aligned along 
the vertical axis above the differential pumping region, the capillary and the differential pumping 
region being electrically connected to electric ground, and the needle being connected to a DC 
voltage. 

22 . (Original) The mass spectrometer of claim 1 5 wherein the charged particle has a 
mass in the range of about 1 mega-dalton to 10,000 mega-daltons. 

23. (Original) The mass spectrometer of claim 15 wherein a mass-to-charge ratio 

4 V. 

(m/z) of the charged particle is calculated using m/z = ^r~r > where V^ Ml is the value of the 

second amplitude, r is the radius of the ring electrode, O. equals 2% times the frequency of the 
audio frequency voltage, and q^ Qt is a calibration parameter characteristic of the ion trap, 

24. (Original) The apparatus of claim 23 wherein the mass-to-charge ratio calculated 

4 V 

using the equation m/z = has an accuracy in the order of 10"*. 

9 'eject r " 

25. (Withdrawn) An ion source for use with a mass spectrometer, comprising: 
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a needle having a first dimension and being electrically connected to a DC voltage; 

a capillary having a second dimension and being electrically connected to electric ground 
and aligned along a vertical axis below the needle; and 

a differential pumping region including a first region having a first pressure and a second 
region having a second pressure, the differential pumping region being electrically connected to 
electric ground and aligned along the vertical axis below the capillary; 

wherein the first and second dimensions and the first and second pressures are selected 
such that particles generated by electrospray ionization become fully dispersed into separate 
single particles after sequentially passing through the needle, the capillary, and the first and 
second regions of the differential pumping region, 

26. (Withdrawn) A method of detecting a charged particle ejected from an ion trap of 
a mass spectrometer, comprising: 

illuminating the charged particle using a light source; and 

detecting light scattered from the charged particle using a light detector. 

27. (Original) A method comprising: 

introducing a charged particle into an ion trap of a mass spectrometer, the ion trap having 
a first end-cap electrode, a second end-cap electrode, and a ring electrode positioned between the 
first and second end-cap electrodes; 

applying an AC voltage having a frequency of/and an amplitude of V ac between the ring 
electrode and the end-cap electrodes to generate an electromagnetic field that confines the 
charged particle within a confinement region; 

measuring a secular frequency <& representing the oscillation frequency of the motion of 
the charged particle within the confinement region; 

increasing the amplitude of the AC voltage to a second amplitude V^ et to eject the 
charged particle from the ion trap; and 

calculating a calibration parameter based on V acy Y^uf* and to, the calibration 
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parameter being used to calculate a mass-to-charge ratio of another charged particle that is 
introduced into the ion trap and ejected from the ion trap. 

28. (Original) The method of claim 27 wherein the calibration parameter is 
calculated using the equation = **** 4 ^ « , where Q = 2tc/ 

29. (Original) The method of claim 28, further comprising measuring the radius r of 
the ring electrode, and calculating the mass-to-charge (m/z) ratio of the other charged particle 

4 V. 

using the equation m/z = , where V^a is the amplitude of the AC voltage when the 

other charged particle is ejected from the ion trap. 
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